Iipoproteins, low density Iipoproteins, high density Iipoproteins, or plasma proteins was also measured in each rabbit. The arterial influx was calculated as intimai clearance, i.e., the influx of a given fraction divided by its plasma concentration. The intimai clearance of low density lipoprotein esterified cholesterol was equal to that for the apolipoproteins of that fraction, which is compatible with an arterial influx of intact low density lipoprotein molecules. The intimai clearance of very low density apolipoprotein or cholesteryl ester was less than that for low density lipoprotein, whereas high density lipoprotein and albumin clearances exceeded low density lipoprotein clearance by 1.5-to 3-fold. The intimai clearances of plasma proteins, high density, low density, and very low density Iipoproteins decreased linearly with the logarithm of the macromolecular diameter. This indicates that the arterial influx of three plasma lipoprotein fractions and of plasma proteins proceeds by similar mechanisms. Apparently the relative intimai clearances of Iipoproteins are more dependent on their size relative to pores or vesicular diameters at the plasma-artery interface than on specific interactions between Iipoproteins and the arterial intimai surface.
I t is well known that after feeding labeled cholesterol to a cholesterol-fed animal a small portion of the administered label appears in the arterial wall. From calculations based on the specific activities of cholesterol in plasma, the rate of cholesterol uptake by the artery has been calculated. 1 " 5 In other experiments, the arterial uptake of labeled apolipoprotein B from plasma low density lipoprotein (LDL) has been measured. 6 " 10 It has been shown that a significant portion of the plasma free cholesterol that enters the arterial wall enters the artery by exchange. 11 It has not been established whether cholesteryl ester and apolipoprotein enter the arterial wall as components of macromolecular complexes or by independent mechanisms. The present study presents data on the rates at which cholesterol, cholesteryl ester, and protein fractions of LDL and of very low density lipoprotein (VLDL) enter the aorta of a cholesterol-fed rabbit.
In a previous study, 11 we observed that LDL cholesteryl ester influx into rabbit aortas was consistently greater than that for VLDL when compared to their concentrations in plasma. This difference may be related to differences in particle size or chemical properties. 1215 To investigate this point, we compared the simultaneous arterial influx of VLDL, LDL, and high density lipoprotein (HDL) or the simultaneous influx of VLDL, LDL, and plasma proteins in hypercholesterolemic rabbits. The findings imply that the relative clearances of these macromolecules by the aorta may depend more on their size than upon the specific interaction of these molecules with arterial surface elements.
Methods

Animals
White New Zealand female rabbits were obtained from Dutchland Laboratories (Denver, Pennsylvania). Each rabbit was housed in a stainless steel cage under controlled environmental conditions and fed 100 g daily of Purina Laboratory Rabbit Chow (Ralston Purina, St. Louis, Missouri). When the animals were 3 months old and weighed approximately 3 kg, 100 g of diet was enriched with 0.5 g of cholesterol (U.S.P., Nutritional Biochemicals, Cleveland, Ohio) and 2.7 g of oil (Wesson Oil, Hunt Wesson, Fullerton, California). The plasma cholesterol concentration was determined biweekly and the cholesterol-containing diet replaced with normal rabbit chow if the concentration exceeded 40 mM.
Isotope Purity
We obtained [1, [2] [3] H]-cholesterol and [4-14 C]cholesterol from Amersham/Searle Corporation (Arlington Heights, Illinois). Immediately before use, the purity was checked by chromatography on precoated TLC plates (silica gel 60, Merck) in a hexane:diethyl ether:glacial acetic acid, 50:50:1 (v/v) solvent system. The material was used only if more than 95% of the labeled sterol comigrated with dibromide-purified cholesterol.
Experimental Procedure
In each of three experiments, three donor animals were used. Both donor and recipient animals, which had been kept on a high cholesterol diet for 30-60 days, were selected for similarity in the degree of hypercholesterolemia. Table 1 shows the type of labeled material administered to donor animals A, B, and C and the routes of administration; the localization of the radioactivity in the donor plasma obtained when these animals were bled; various intravenous doses prepared by mixing specific lipoprotein fractions, which were followed in some cases by an overnight incubation to equilibrate the isotopicallylabeled free cholesterol; and, finally, the number of recipient animals receiving each type of injected dose.
In each of the three experiments, [ 14 C]-cholesterol (0.25-0.5 mCi) was administered by stomach tube to donor rabbits A and C. Similarly, [ 3 H]-cholesterol in ethanol (0.25-5 mCi) was made into a colloidal suspension by addition to saline 16 and injected into an ear vein of donor rabbit B. Plasma was obtained from the donor animals 16-20 hours after administration of the doses. For anticoagulation, 0.4 M ethylene Na 2 - diamine tetraacetic acid (EDTA) (0.01 ml/ml blood) was used. Three hours before one of the 14 C-labeled rabbits was bled, 20 mCi (55 Ci/mmole), L-[4,5-3 H]-leucine (ICN Pharmaceuticals, Inc., Irvine, California) in isotonic saline was injected intravenously into that animal.
Donor Llpoproteln Fractions
The plasma from the animal labeled with the [ 3 H]-leucine was dialyzed at 4°C for 24 hours against four changes of 100 volumes of 0.15 M NaCI/0.3 mM EDTA in order to remove labeled free amino acids. No radioactivity could be detected in the final dialysate. The plasma from each of the three donor animals was separated into the various lipoprotein fractions indicated in table 1, as previously described. 11 The VLDL and intermediate density lipoproteins (IDL) were floated at 4°C at d < 1.006 and d < 1.019 consecutively, or they were obtained as a combined fraction (VLDL + IDL) by centrifugation of whole plasma at d = 1.019 for 2.8 X 10 8 g X min.
The LDL fractions were prepared by subsequent centrifugation for 5.6 X 10 8 g X min at d = 1.063 or at d = 1.21. The fraction isolated between densities of 1.019 and 1.063 will be designated as LDL, whereas the fraction isolated between densities of 1.019 and 1.21 will be named "LDL" (in quotations). This latter fraction in plasma from our cholesterol-fed rabbits contained 3% to 8% of HDL cholesterol. An HDL fraction was isolated between the density limits of 1.063 and 1.21. Each fraction was recentrifuged under the same conditions until less than 5% of the radioactivity was found below and above the densities defining the fraction. This required three centrifugations for HDL and two centrifugations for the other fractions.
Recipient Rabbits
The recipient rabbits were injected intravenously with preparations made by combining the plasma fractions from two or all three of the donor animals in such a way that esterified cholesterol in LDL and (VLDL + IDL) was labeled with 3 H and 14 C respectively (or vice versa). The [ 3 H]-and [ 14 C]-free cholesterol was equilibrated between these lipoprotein fractions by overnight incubation at room temperature in the absence of cholesteryl ester exchange protein so that no cholesteryl ester exchange took place. In addition to the cholesterol radioactivity, [ 3 H]-leucinelabeled protein was also present in one of the lipoprotein fractions used to prepare an injected dose (table 1). All the doses were dialyzed against saline. Fibrin precipitates were removed by centrifugation in conical tubes. All preparations were filtered through 0.22 fitm millipore filters (Millex-GS, Millipore Corporation, Bedford, Massachusetts). After the injection of the labeled fractions in one ear vein, serial blood samples were taken from the other ear vein.
Four to 6 hours after the injection of the lipoprotein dose, the recipient rabbits were anesthetized and the thoracic cavity opened. While 0.5 liter of cold saline was infused into the left ventricle, the blood and saline emerging from the severed vena cava were removed by suction. The thoracic aorta was dissected free, and adventitia was removed under running saline. The aorta was opened longitudinally, and the surface was again rinsed with saline. The inner layer, which consisted of intima and media, was isolated and weighed 0.2-0.3 g. The corresponding intimal surface area was about 10 cm 2 . The tissue samples were stored at -20°C within 15-30 minutes after the animal was killed. The plasma was stored at 4°C for 2-5 hours before further processing.
Analytical Procedures
Triplicate plasma aliquots from recipient rabbits were adjusted to d = 1.019, d = 1.063, and d = 1.21, and centrifuged at4°C in a40.3 Beckman rotor. 11 Top and bottom fractions were separated by tube slicing. Carrier protein (normal plasma) was added to all top fractions to equalize protein contents of top and bottom fractions. Aliquots of each top and bottom fraction were separated into proteins, lipids, and nonprotein water-soluble material by a procedure described by Portman et al. 17 The plasma lipoprotein fractions were extracted with 20 volumes of chloroform: methanol 1:1 (v/v). The precipitate was packed by centrifugation into the tip of conical centrifuge tubes, the solvents removed, and the precipitate washed twice with chloroform:methanol. To the combined washes were added half a volume of chloroform and 20% of the final volume as water. The upper phase, henceforth designated as "amino acids," was removed, washed twice with chloroform, dried down in a counting vial, and 1 ml of water and 10 ml of scintillator (ACS, Amersham) added. Aliquots of the chloroform phase were used to determine the radioactivity in the total cholesterol and to separate the free and esterified cholesterol by thin layer chromatography; radioactivity and mass were subsequently determined. 11 No carrier material was added to aliquots used for cholesterol mass determination.
The protein precipitates (see above) were dried at 40° C; then 0.5 ml of 5 M NaOH was added and the vials incubated at 40°C for 16 hours. The alkaline hydrolysates were extracted twice with 2 ml of hexane plus 1 drop of methanol to remove any cholesterol that had escaped the first lipid extractions. To the hydrolysate, 1.5 ml of 2 N HCI was added before transfer to a counting vial with 20 ml of Aquasol (New England Nuclear Corporation, Boston, Massachusetts). Recovery studies show that > 99% of the 3 H-plasma proteins were present in the protein precipitate, > 99% [ 3 H]-cholesterol in the chloroform fraction, and > 96% of free [ 3 H]leucine in the methanol/H 2 O fraction. This is in close agreement with the results reported by Portman et al. 17 The arterial tissue samples were minced and extracted for 24 hours at room temperature with 20 volumes of chloroform:methanol 1:1 (v/v). Radioactivity in free and esterified cholesterol in the lipid extract and 3 H in protein and the "amino acid" fraction were determined as described for plasma. The alkaline digestion of the tissue precipitates was facilitated by sonication.
Influx Calculations
The arterial influx of cholesteryl ester of two complementary plasma lipoprotein fractions and of total free cholesterol was calculated by the use of four simultaneous equations, as previously described. 18 The equations take into account the exchange of free and esterified cholesterol between plasma lipoproteinsand hydrolysis of newly-entered arterial cholesteryl ester.
s(E), and s(E) 2
The four equations are:
in which:
(*) and (°)
(3) (4) = 3 H and 14 C respectively; = influx of esterified cholesterol from lipoprotein fractions 1 and 2 respectively (pmole X cm-2 X h" 1 ); = influx of free cholesterol from plasma (pmole X cm" 2 X h" 1 ); = tissue radioactivity in esterified cholesterol at the end of the experimental period (dpm X cm" 2 ); = tissue radioactivity in free cholesterol at the end of the experimental period (dpm Xcm-2 ); = experimental period (hours); s(F) H average specific activity during the experiment of esterified cholesterol in plasma lipoprotein fractions 1 and 2 respectively (dpm X pmole" 1 ); the average is calculated from the area under the specific activity time curve for each recipient animal; : average specific activity during the experiment of plasma free cholesterol (dpm X pmole 1 ); : the fraction of newly-entered (labeled) esterified cholesterol hydrolyzed in the tissue during the experimental period.
The conditions for solving equations 1 to 4 for K,, K 2 , H, and V have been detailed previously 18 and have been experimentally verified when fractions 1 and 2 refer to (VLDL + IDL) and "LDL" respectively. 11 These conditions include the assumption that, during the 5-hour experimental period, all labeled material entering the aorta remains there. This assumption was confirmed by measuring influx coefficients in two rabbits terminated 3 hours after and in two rabbits terminated 6 hours after injection of the labeled lipoproteins, and finding no significant differences for the calculated influx values per unit of time. The data are expressed as a plasma clearance (nl X cm" 2 X h" 1 ) by dividing the influx (pmole X cm" 2 X h 1 ) by plasma concentration (mM). In this manner, lipid and apolipoprotein data are readily comparable with each other as well as with the data for other plasma proteins. The influx of the latter was calculated by dividing the amount of labeled protein in the aorta by the area under the plasma labeled protein concentration-time curve.
Equivalency o/f»HJ-and C*C]-Cholesterol
It has been observed in studies with labeled cholesterol in humans that the [ 3 H]-and [ 14 C]labeled species of cholesterol behaved differently. 19 A mixture of [ 14 C]-and [ 3 H]-cholesterol, used in the present study, was administered orally to one donor rabbit and injected intravenously as a colloidal suspension into another donor rabbit under the conditions in which various donor lipoprotein fractions were prepared in this paper. The 3 H/ 14 C ratio in plasma and in artery at 24 hours showed values within 2% of the 3 H/ 14 C ratio of the dose. The doubly-labeled plasma samples from these rabbits were then injected intravenously into recipient rabbits. The 
Results
Preparation of Llpoproteln Doses
In the methods section we have described the preparation of doubly labeled lipoprotein fractions from donor animals to which labeled cholesterol was given either by the intravenous or by the oral route (table 1) . In addition, one of the animals received an injection of labeled leucine in order to label the protein moiety of the various lipoproteins and of the plasma protein (d > 1.21) fractions. As an example, the following paragraph describes some properties of labeled plasma fractions obtained from Donor A.
Column chromatography on Bio-Gel A-150 M (50-100 mesh, Biorad Laboratories, Richmond, California) (figure 1 B) shows that the LDL fraction contains essentially all the labeled cholesterol and labeled protein in a single peak. The situation for the (VLDL + IDL) fraction appears to be more complex. The relatively symmetric protein peak (figure 1 A) for this fraction emerges somewhat earlier than that for the LDL, which is consistent with the larger average particle size for the former fraction. The labeled cholesterol profile, however, shows pronounced asymmetry with relatively large amounts of labeled cholesterol and small amounts of labeled protein appearing in the region of the larger particle sizes. The labeled cholesterol profile in figure 1 represents total labeled cholesterol. We examined the possibility that the asymmetric cholesterol peak of the (VLDL + IDL) (figure 1 A) might have resulted from differences in free-to-esterified labeled cholesterol ratios in large and small lipoprotein particles in this fraction. However, when this fraction was partitioned into "chylomicron" (S f > 400), VLDL, and IDL by ultracentrifugation, the subfractions showed nearly identical free-toesterified labeled cholesterol ratios.
The elution profile of HDL (figure 1 C) on Biogel A-5 M shows identical distributions for [ u C]-cholesterol and [ 3 H]-apolipoproteins. Low density lipoproteins appeared in the void volume when applied to the same column. The peak of the plasma protein fraction appears later than the high density lipoprotein fraction. The average molecular diameter of this fraction was determined on a Sephacryl S-200 column and was found to be approximately 7 nm. This corresponds to the size of albumin. Although the plasma protein fraction contains immunoglobulins and proteins other than albumin, nearly all of the radioactivity appears to be present in the albumin fraction. Table 2 shows the radioactivity in two typical lipoprotein doses obtained after the incubation of (VLDL + IDL), containing primarily 3 H-labeled esterified cholesterol, with LDL, containing 3 Hlabeled protein and primarily 14 C-labeled esteri- ]-cholesterol to the donor rabbits results in preferential incorporation of radioactivity in plasma free cholesterol. The oral administration of [ 14 C]-cholesterol to the donor rabbit results in preferential incorporation of 14 C into plasma esterified cholesterol. This difference persists in the equilibrated mixed lipoprotein dose as a higher 3 H/ 14 C ratio in free cholesterol ( 3 H/ 14 C = 12.3 for Dose 1) than in total esterified cholesterol ( 3 H/ 14 C = 1.86 for Dose 1). This difference, as well as the difference between the 3 H/ 14 C ratio in esterified cholesterol of the two lipoprotein fractions, is essential for the calculation of the influx of free cholesterol and of esterified cholesterol upon injection of the dose into recipient rabbits. 11 ' 18 
Recipient Animals
In the following paragraphs we report the results of arterial influx studies of cholesterol and cholesteryl ester. The equations described in the methods section allow the simultaneous measurements of sterol ester influx from only two complementary lipoprotein fractions. We have chosen to compare the influx of cholesteryl ester derived from (VLDL + IDL) and from "LDL." (VLDL + IDL) was chosen because the metabolic fate of lipoprotein particles within this fraction is probably very similar and the cholesteryl ester specific activities within this fraction were found to be uniform. 11 The choice of "LDL" (d = 1.019-1.21) as the complementary fraction was necessitated because of the very rapid labeling of HDL cholesteryl ester even if pure labeled LDL was injected into the recipient animal. The heterogeneity caused by the presence of HDL cholesteryl ester in the "LDL" fraction is minimal, however, since 92% to 97% of the "LDL" cholesteryl ester was found to be in the LDL (d = 1.019-1.063) fraction.
The data in figure 2 show the disappearance from "LDL," and appearance in (VLDL + IDL) of (table 1) , more than 95% of the [ 3 H]-protein remained in the HDL fraction. No radioactivity was found in the lipoprotein fractions after the injection of labeled plasma protein as part of Doses 4 or 5 (table 1) .
Less than 1% of the [ 3 H]-leucine label was found in the water phase after partitioning the Folch extract of the plasma samples from the recipient animals. We also did not find any "amino acid" radioactivity in the arterial tissue even though we could have detected as little as 10% of the total arterial leucine radioactivity in that fraction.
The data in table 3 show the amount of total cholesterol in the arterial tissue, and the cholesteryl ester concentration in the two plasma lipoprotein fractions: (VLDL + IDL) and "LDL." The arterial uptakes of free cholesterol and of esterified cholesterol from each of the two lipoprotein fractions and of various labeled proteins are expressed as intimal clearances. Within each subgroup, the animals are arranged according to their arterial cholesterol contents. For Rabbit 1, for example, "LDL" cholesteryl ester clearance for intima is 74 nl X crrr 2 X rr\ which compares to 85 nl X cm 2 X h" 1 for the clearance of LDL apolipoprotein. For the extensively lesioned aortic arch of Rabbit 7A, the "LDL" cholesteryl ester clearance was 327 compared to 329 for the LDL apolipoprotein. Table 3 also shows the percentage of newly entered esterified cholesterol hydrolyzed by the aorta, which averaged 15 ±9% (so) for the 4-to 5-hour experimental period. The influx of free cholesterol was partitioned between free cholesterol influx due to the presence of free cholesterol in the two lipoprotein fractions and an additional influx probably due to cholesterol exchange. This exchange amounted to 30% ± 15% of the total free cholesterol influx.
The intimal clearance for the (VLDL + IDL) cholesteryl ester fraction is on the average 46% ± 19% of that for the "LDL" cholesteryl ester fraction. The clearance of both these fractions and of the various protein fractions appears to depend greatly on the extent of atherosclerosis as expressed by the total cholesterol content of the artery.
A comparison between the uptake of cholesteryl ester from one lipoprotein fraction and the uptake of apolipoproteins from the same fraction is shown in figure 3 . The comparison is based on solute clearance by the arterial wall. This is done because equality of lipid and apolipoprotein clearance would mean that the two moieties of 200 400 600 Figure 3 . Relationship between apolipoprotein and cholesteryl ester clearance by aortas. Cholesteryl ester clearance is the influx in pmole X cm-2 X rr 1 divided by its concentration in plasma (mM). Apolipoprotein clearance is arterial dpm X cm-2 divided by the area under the plasma radioactivity curve (dpm X nl~1 X h). For low density lipoprotein, Y = 0.91 (± 0.05) X -11.6 (± 13.7); r = 0.99. For very low density lipoproteins, Y = 0.61 (± 0.02) X -10.6 (± 6.3); r = 0.99. the lipoprotein fraction enter the arterial wall in proportion to their presence within the lipoprotein fraction. A comparison of cholesteryl ester and labeled protein clearances in the "LDL" fraction applies essentially to LDL components, which represent 92% to 97% of this fraction. As can be seen from figure 3 , the arterial clearances of cholesteryl ester and of apolipoprotein of the "LDL" fraction are nearly equal over a wide range of arterial involvement (slope = 0.91 ± 0.05, r = 0.99). For the (VLDL + IDL) fraction, there appears to be a linear relationship between the two clearance values but with consistently more apolipoprotein than cholesteryl ester uptake than would be expected from the lipoprotein composition (slope = 0.61 ± 0.02, r = 0.99).
APOLIPOPROTEIN INFLUX (nl/om/h)
In addition to the comparison of the arterial influx of esterified cholesterol and apolipoproteins from the same density fraction, we have also compared the intimal clearance of esterified cholesterol from (VLDL + IDL) and "LDL" with the simultaneously measured intimal clearance of labeled apolipoproteins from HDL or with the intimal clearance of plasma protein. The intimal clearance of the labeled high density apolipoproteins was 1.8-2.3 (mean 1.9) times the intimal clearance of esterified cholesterol of "LDL." The intimal clearance of albumin, which was essentially the only labeled component of the injected plasma protein fraction, was 1.6-3.1 (mean 2.6) times the intimal clearance of esterified "LDL" cholesterol (table 3 and figure 4). fAverage area of aortic intima 10 ± 1 cm 2 (x ± S.D.). Aortic weights ranged from 0.2 -0.4 g. $The clearances of free and esterified cholesterol are the influxes in pmole X cm-2 X h-1 divided by their concentrations in plasma (mM). The protein clearance is arterial dpm per cm 2 divided by the area under the plasma radioactivity curve (dpm X n M X h).
§Hydrolysis of arterial cholesteryl ester is expressed as a percentage of newly entered cholesteryl ester. || Exchange of free cholesterol is expressed as the percentage of total free cholesterol influx. Plasma fractions for these animals were d < 1.006 and d > 1.006. Lipoprotein fractions are as follows: VLDL + IDL (d < 1.019); LDL (d = 1.019-1.063); "LDL" (d = 1.019-1. 
Discussion
Comparison of Llpld and Apollpoproteln Components of the Same Lipoprotein
The cholesteryl ester and protein of plasma LDL are transferred from plasma to aorta in the proportion in which they are present in the lipoprotein fraction, indicating that cholesteryl ester and protein enter the artery as part of the LDL complex. Calculation of the aortic influx of cholesteryl ester from an injected lipoprotein fraction takes into account the labeled cholesteryl ester acquired by the artery from other plasma lipoproteins that had become labeled by cholesteryl ester exchange or metabolism during the course of the experiment. No corrections were made, however, for apolipoprotein acquired by the artery through exchange of apolipoproteins between lipoprotein fractions. When LDL was injected, 5% to 6% of the labeled apolipoprotein appeared in the lighter plasma fractions, which could account for only 2% to 3% of the labeled protein taken up by the artery. Of the injected (VLDL + IDL) fraction, 10% to 15% of the label appeared in the heavier plasma fractions. The influx of this material into aorta could have contributed 20% to 30% of the labeled apolipoprotein found in the artery at the end of the experiment.
Although the influx of esterified cholesterol from (VLDL + IDL) was highly correlated with the labeled apolipoprotein influx from that fraction, about twice as much labeled apolipoprotein entered the artery as would be predicted from its cholesteryl ester/apolipoprotein ratio. These findings may still be compatible with the uptake of intact lipoprotein particles if one takes into consideration that the (VLDL + IDL) fraction is quite heterogeneous: the smaller particles in that fraction contain relatively less labeled cholesteryl ester per unit labeled protein than the larger ones ( figure 1 A) . If, as shown in the second part of this investigation, the smaller macromolecules are taken up more rapidly than larger ones, one would expect relatively more labeled protein in the aorta than cholesteryl ester from the (VLDL + IDL) fraction.
Another difficulty exists in comparing the calculated cholesteryl ester and apolipoprotein influx values for LDL and (VLDL + IDL) fractions. The cholesteryl ester influx has been calculated by taking into account that some of the labeled ester is hydrolyzed in the arterial tissue during the experimental period. Such corrections were not made for the protein data, but less than 10% of the arterial [ 3 H]-leucine was present in the "amino acid" fraction. Similar studies on squirrel monkeys showed that 20% of the [ 3 H]-leucine was present as "amino acids" 24 hours after injection of the labeled lipoproteins. 17 Even if cholesteryl ester and protein degradation of a lipoprotein particle proceeded in parallel, the apolipoprotein influx should be increased on the average by only 15% (range of cholesteryl ester hydrolysis, table 3, is 6% to 32%). With or without such corrections, the data reported in the present study are compatible with the uptake of intact lipoproteins by the aortic intima media.
To our knowledge, only one study has dealt with the comparison of the apolipoprotein and cholesterol influx into aortas. 17 In this study, LDL, labeled in its protein and cholesterol moieties, was injected into 12 squirrel monkeys that were killed 24 hours after injection. The ratio between total cholesterol and protein radioactivities, reported as the average for all animals, was 3.6 for plasma LDL and 2.6 for aortas. This study did not take into account the exchange of free cholesterol between plasma and tissues. Nor did it separate the contributions to aortic cholesterol of the different plasma lipoprotein fractions. The 40% higher lipid-to-protein radioactivity ratio in plasma than in aorta is therefore difficult to interpret, unless one knows the quantitative importance of both free and esterified cholesterol exchange reactions in that animal model.
The entry of cholesteryl ester into the aorta as part of a lipoprotein complex differs from the results obtained by in vitro perfusion of rat hearts with protein-and lipid-labeled chylomicrons. 22 In that instance, cholesteryl ester appeared to enter the myocardium without the labeled protein portion of the chylomicrons.
Since cholesteryl ester exchange has been demonstrated in rabbit plasma, 2021 and since, in the rat, exchange between lipoprotein cholesteryl ester and perfused liver tissue has been suggested, 23 one might assume that cholesteryl ester entry into arterial tissue might also, in part, represent an exchange reaction. 2 The equivalence of cholesteryl ester and apolipoprotein uptake from LDL by the artery, and the somewhat higher relative protein than cholesteryl ester uptake for the VLDL fraction, make this assumption questionable.
Relation Between Molecular Size and Arterial Influx
We have compared the intimal clearance of VLDL and LDL cholesteryl ester with that of high density apolipoprotein and albumin. Within each animal, the three intimal clearance values, determined simultaneously, decreased with increasing molecular size of the macromolecules (table  3) . In contrast, a preferential arterial influx of LDL compared with albumin has been reported in normal 15 and in hyperlipidemic rabbits. 6 However, several other studies have reported that the intimal clearance of plasma lipids, presumably as components of lipoprotein complexes, was less than that of plasma proteins with lower molecular weights. 12 " 1424 In additional studies with various species, the arterial clearances of proteinlabeled LDL and HDL and of albumin were observed to increase in that order. 6 
ia 17 ' **• 2S
In all of the studies above, except those of Christensen et al., 131424 arterial influx of one plasma component was measured in one animal, with the second or third component being measured in additional animals. The simultaneous measurement in our study of the intimal clearance of three different macromolecules in the same animal eliminates interanimal variation and allows a further analysis of the relation between macromolecular size and intimal clearance. Figure 4 shows the intimal clearance of the (VLDL + IDL) and "LDL" (based on their cholesteryl ester influx) and the intimal clearance of labeled proteins in HDL and plasma protein (mostly albumin) as a function of the logarithm of the molecular diameters of these fractions. The diameters of the lipoproteins were obtained from three studies on the size of lipoproteins in rabbits fed a similar diet and with plasma cholesterol concentrations similar to those in the present study. 26 " 28 The size of the labeled plasma proteins was determined by column chromatography in our own study. In seven of eight animals, the intimal clearance was inversely and nearly linearly related to the logarithm of the molecular diameter. It is of interest that the partition coefficient of solute between solvent inside and outside a porous matrix also obeys the same relationship. 29 Therefore, the transfer of lipoproteins from plasma to artery may involve a partitioning of the lipoproteins between plasma and arterial vesicles that have dimensions comparable to the transported molecules. A vesicular transfer mechanism has considerable support in various ultrastructural investigations 2530 in which no evidence was found for the presence of sufficiently large pores that, in principle, could also have accounted for our data. 31 Nonspecific endocytosis would not only explain the molecular size discrimination in the arterial influx process, but also the proportionality between arterial influx and plasma concentration of lipoproteins. 11 If a vesicular mechanism controls the arterial influx of plasma lipoproteins, then the more than 50-fold difference 11 -M between arterial lipoprotein clearance in normal and extensively lesioned aortas suggests a marked increase in vesicular turnover rates in atheromatous lesions. It has been suggested, based on lipid analyses on subcellular fractions of the aortic intima, that an increase in a vesicular fraction precedes the development of cholesteryl ester accumulation in squirrel monkeys and rabbits with nutritionally induced hyperlipidemia. 33
Arterial and Capillary Clearance of Plasma Macromolecules
The flux of plasma macromolecules across capillaries in muscle, lung, and other tissues is usually obtained from studies on lymph flow and composition combined with estimates of the capillary surface areas. The clearance of albumin in tissues other than brain ranges from 50-170 nl X cm" 2 X h" 1 . 31 ' 34 This is comparable to the values obtained for albumin influx in arteries of normal rabbits 35 as well as to the influx into rabbit (present study) and minipig aortas 24 with minimal arterial lesions. This similarity in the albumin clearance of capillaries and minimally damaged arterial tissue is noteworthy, because of the large difference in hydrostatic pressure between the capillary bed and aorta.
The capillary clearance of plasma proteins, ranging in molecular diameter from 7 to 20 nm, decreases with increasing diameter. 3136 It has recently been shown that the transfer of LDL across the capillary endothelium of the human foot does not proceed by a specific (i.e., receptormediated) transport, but by a mechanism similar to that for other macromolecules of similar size. 37 The relative clearances of three plasma proteins in the lung of the lamb showed a linear relationship with the partition coefficients of these proteins determined by gel chromatography. 38 Partition coefficients, in turn, decrease linearly with the logarithm of the molecular diameter. 29 The relative capillary clearances of albumin, HDL, LDL, and VLDL in the hind paw of the cholesterol-fed rabbit appear to decrease linearly with the logarithm of molecular diameter. 39 Therefore, the relationship described for the aorta of cholesterol-fed rabbits (see figure 4 ) seems to follow the same pattern observed for the transfer of macromolecules across capillary beds. Our data suggest that the relative intimal clearances of plasma lipoproteins are more dependent on their size relative to pores or vesicular diameters at the plasma-artery interface than on specific interactions between lipoproteins and the arterial surface.
